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Crop Yield Growth along the 41st Parallel:  
Contributions of Environmental vs. Human-Controlled Factors  
Increasing crop yields in an area we recently stud-
ied (Figure 1) has helped keep farmers competi-
tive and helped to keep the world’s growing pop-
ulation fed.  But how much of that yield increase 
has been due to more favorable climate versus 
human-controlled factors such as higher input 
use, irrigation, better genetics, etc.? 
Figure 1. Average 1960-2008 dry matter yields 
(Mg/ha) 
To explore this issue, we examined the causes of 
the 1960-2008 yield growth in 101 counties along 
an 800-mile segment of the 41st parallel, includ-
ing much of southern Nebraska (see Panel A). 
While we analyzed these counties as a group, we 
report results by five subregions, numbered from 
west to east.   We chose these counties because 
they provide a wide range of soil, climatic and 
agricultural circumstances that can be repre-
sentative of many temperate zones across the 
globe.   
Market Report Year 
Ago 
4 Wks 
Ago 9-25-20 
Livestock and Products, 
Weekly Average       
Nebraska Slaughter Steers, 
35-65% Choice, Live Weight. . . . . .  . * * * 
Nebraska Feeder Steers, 
Med. & Large Frame, 550-600 lb. . . . . 155.87 170.10 161.46 
Nebraska Feeder Steers, 
Med. & Large Frame 750-800 lb. . .. .  
149.95 149.95 149.10 150.71 
Choice Boxed Beef, 
600-750 lb. Carcass. . . . . . . . . . . . . . 
214.51 214.51 229.91 216.87 
Western Corn Belt Base Hog Price 
Carcass, Negotiated . . . . . . . . . . . . . .. * * * 
Pork Carcass Cutout, 185 lb. Carcass 
51-52% Lean. . . . . . . . . . . . . . . . . . . . 71.14 72.07 90.18 
Slaughter Lambs, wooled and shorn, 
135-165 lb. National. . . . . . . 148.41 114.60 138.18 
National Carcass Lamb Cutout 
FOB. . . . . . . . . . . . . . . . . . . . . . . . . . . 396.85 417.79 423.67 
Crops, 
Daily Spot Prices       
Wheat, No. 1, H.W. 
Southwest NE, bu. . . . . . . . . . . . . . . . . . . 3.63 4.06 4.31 
Corn, No. 2, Yellow 
Central NE, bu. . . . . . . . . . . . . . .  . 3.85 2.86 3.38 
Soybeans, No. 1, Yellow 
Central NE, bu. . . . . . . . . . . . . .. . . 8.06 8.21 9.28 
Grain Sorghum, No.2, Yellow 
Southeast NE, cwt. . . . . . . . . . . . . . . . . . 5.95 6.00 4.12 
Oats, No. 2, Heavy 
Minneapolis, Mn, bu. . . . . . . . . . . . . . . 3.08 2.96 2.96 
Feed       
Alfalfa, Large Square Bales, 
Good to Premium, RFV 160-185 
Northeast Nebraska, ton. . . . . . . . . . . * * 155.00 
Alfalfa, Large Rounds, Good 
Platte Valley, ton. . . . . . . . . . . . . . . . . 105.00 * * 
Grass Hay, Large Rounds, Good 
 Nebraska, ton. . . . . . . . . . . . . . .. . . . 105.00 * * 
Dried Distillers Grains, 10% Moisture 
Nebraska Average. . . . . . . . . . . . . . . . 157.00 142.50 156.00 
Wet Distillers Grains, 65-70% Moisture 
Nebraska Average. . . . . . . . . . . . . . . . 48.50 37.99 45.47 
 ⃰  No Market       
We examine a single measure of crop yield for each 
county – total bone-dry above-ground biomass of all 
crops produced in the county divided by the number 
of hectares.  For most grain crops, this total biomass is 
approximately twice the amount of grain harvested 
(the harvest index is approximately 0.5), but for forage 
crops the entire biomass production is usually har-
vested. Note also that yields are usually reported at 
average moisture levels, but here we have reduced re-
ported levels by average crop moisture content.  Our 
measure is close to an ecological concept called net 
primary production – in this case net agricultural pri-
mary production. 
We present here a brief summary of our study and 
results in graphic form, adapted from a more detailed 
report:  (Trindade, Fulginiti , and Perrin, 2020).   
Environmental contrasts 
From west to east, the study area ranges from 
warm and very dry, through hot and dry to warm 
and moist.  The High Plains Aquifer has provided 
an ample supply of groundwater to much of Re-
gions 1-3, while rainfall is generally nearly ade-
quate for maximum or near maximum yields in 
Regions 4 and 5 (Panel B). To the extent that tem-
peratures affect yields, the main issue in the study 
area is high temperatures, which we measure as 
the amount of time the crop was exposed to vari-
ous temperature ranges, measured in degree days 
(total hours divided by 24). Temperatures below 
35°C did not have important impacts on yields, 
but those above 35°C (95°F) certainly do.  As is 
evident from Panel C, Central Nebraska has the 
greatest amount of time above 35°C, with far less 
in many of the Iowa counties. 
Panel A.  Study counties along the 41st parallel N, by subregion 
Panel B.  Average growing season precipitation in cm (1960-2008) 
Panel C.  Average amount of time crop was exposed to temperatures above 35°C (95°
Farm responses to environmental circumstances 
Perhaps the most apparent response to the environ-
ment has been increases in irrigation in Central Ne-
braska, where the hottest and some of the driest coun-
ties happen to overlie the High Plains (Ogallala) Aqui-
fer. Irrigation began here in the 19th  century, and by 
the early years of this study, about a third of cropland 
in Regions 1-3 was under irrigation. This ratio in-
creased to about two-thirds by the end of the period.  It 
has been shown in a number of studies that irrigation 
reduces damage from high temperatures, as well as 
from dry soils. 
Panel D.  Average ratio of land irrigated to total agricultural land (2008) 
During the 49 years of the study, fertilizer use more 
than doubled, and the use of chemicals tripled by 
different amounts across the regions (but we do not 
report those data here).  It is clear that the genetics of 
crops improved dramatically over this period, and it is 
also clear that mechanical control of planting, cultivat-
ing and harvesting the crops also contributed to high-
er yields.  Unfortunately, we were unable to find satis-
factory measures of these inputs, so we lumped them 
together in a linear time trend to estimate their joint 
average annual contribution to yields. 
Estimated contributions of various factors to yield 
gains 
We used regression techniques to attribute differences 
in yields, across time and space, to various factors.  
Somewhat to our surprise, the contributions of chang-
es in weather across the 49 years resulted in a negligi-
ble change in yields, a reduction of about 1% (Figure 
2). An exception occurred in Region 1 (the western-
most region), where higher rainfall and fewer hot days 
combined to increase yields by nearly 25% between 
1960 and 2008.   
 
This is not to say that temperature and rainfall 
had no effect on yields – far from it.  During the 
1980’s, for example, abnormally high tempera-
tures reduced area-wide yields by 6% (9% in Io-
wa), while during the 1990’s a weather turnabout 
increased area-wide yields by 1%.  Weather 
changes over the study period were small, and 
when pooling all counties together, their effect 
was negligible.    
We note that soil organic matter (SOM) declined 
substantially over this period, but resulted in an 
estimated yield reduction of less than 2%. 
Figure 2.  Environmental contributions to yield 
increases along the 41st  parallel, 1960-
2008. 
Figure 3 illustrates our estimates of the yield gain 
due to various human-controlled factors.  These 
are far more significant effects than those due to 
environmental factors.  The unspecified technical 
change contributed an area-wide gain of 62%, 
ranging from about 50% in the west to about 65% 
in the east.  Increases in irrigation contributed 
yield gains of around 50% in Regions 2 and 3, but  
only 17% when those production areas are pooled 
with the non-irrigated areas. Increases in fertilizer and 
chemicals usage contributed to gains of 20-25%.   
Taken together, these human-controlled factors con-
tributed a yield gain of 137% across the area, ranging 
from 231% in Central Nebraska to 103% in the east. 
Figure 3.  Contributions of human-controlled factors to yield increases along the 41st 
parallel, 1960-2008 
Conclusions   
We have estimated that, across this diverse transect of 
the 41st parallel, changes in human-controlled factors 
increased yields by about 137% between 1960 and 
2008, whereas changes in environmental factors re-
duced yields by only about 1%.  While we estimated 
the marginal impact of various factors at the area-
wide level, we evaluated results for each of the five re-
gions within the transect.  We did find significant re-
gional differences in many of the predictions, given 
regional differences in environment and managerial 
practices. 
The predominance of human-controlled factors over 
environmental factors in raising yields is promising 
for the prospects for agriculture to feed the world’s 
growing population and for agriculture in this region 
to continue to be competitive.  It also provides en-
couragement for continued funding of the public re-
search that is so much responsible for this predomi-
nance of human-controlled factors over environmen-
tal factors. 
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